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PHASE  I REPORT 

NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam  Woodland  Reservoir  Dam 

State  Located  New  York 
County  Located  Onondaga 
Stream  Not  Applicable 
Date  of  Inspection  June  5,  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


The  Woodland  Reservoir  Dam  appears  to  be  stable.  No  detrimental 
findings  were  made  during  the  visual  inspection  to  render  an  unsafe 
assessment.  However,  the  root  systems  of  large  trees  that  are 
growing  on  the  downstream  slope  provide  seepage  paths  through  the 
embankment.  Although  these  trees  are  impressive  and  add  beauty  to 
the  site,  they  should  be  cut  and  a further  investigation  made  to 
determine  the  extent  of  the  root  systems  before  additional  measures 
are  implemented. 


The  reservoir  is  provided  with  an  adequate  freeboard  for  storage  of 
the  48-hour  Probable  Maximum  Precipitation  with  no  outflow. 


Clark  H.  Benn 
Colonel,  Corps  of  Engineers 
Distjpct^JEngineer 


TABLE  OF  CONTENTS 


TEXT 


PAGE 


Section  1 

Project  Information 

1-4 

Section  2 

Visual  Inspection 

5 

Section  3 

Hydrology/Hydraulics 

6 

Section  4 

Structural  Stability 

7-8 

Section  5 

Assessment,  Recommendations/Remedial  Measures 

9 

FIGURES 

Figure  1 

Regional  Vicinity  Map 

Figure  2 

Topographical  Plan 

Figure  3 

Typical  Sections 

Figure  4 

Layout  of  Pipes  & Valves 

Figure  5 

Plan  & Profile  - 6"  Underdrain 

APPENDIX 

Dam  Inspection  Report  - 1917  A1  - A4 

Report  Entitled  "Relining  Woodland  Reservoir  with  Gunite"  A5  - A8 

Excerpts  from  report  by  B.K.  Hough,  Consulting  Engineer  A9  - A20 

Field  Inspection  Report  A21  - A28 

Photographs  A29  - A30 

Hydrologic/Hydraulic  Calculations  A31  - A33 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  WOODLAND  RESERVOIR  DAM 

SECTION  I - PROJECT  INFORMATION 


1.1  GENERAL 


a.  Authority  - This  report  is  authorized  by  the  Dam 
Inspection  Act,  Public  Law  92-367,  and  has  been  prepared  in 
accordance  with  contract  #1467.021  between  O'Brien  & Gere  Engi- 
neers, Inc.,  and  the  New  York  State  Department  of  Environmental 
Conservation. 


b.  Purpose  of  Inspection  - The  purpose  of  this  inspection  is 
to  evaluate  the  structural  and  hydraulic  conditions  of  Woodland 
Reservoir  Dam  and  appurtenant  structures,  and  to  determine  if  the 
Dam  constitutes  a hazard  to  human  life  or  property. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam,  Basin  and  Appurtenances  - Wood- 
land Reservoir  is  located  in  central  Onondaga  County  and  is  within 
the  corporate  boundary  of  the  City  of  Syracuse,  New  York.  The 
impoundment  was  formed  by  excavating  the  saddle  between  two  hills 
and  utilizing  the  excavated  material  to  construct  dikes  at  each  end. 

According  to  the  design  drawings  (See  Figure  3),  by 
Howard  Soule,  Consulting  Engineers,  Woodland  Reservoir  Dam  is  a 
homogeneous,  rolled  earth  embankment  with  an  impervious  clay 
puddle  cut-off  trench.  The  upstream  slopes  of  the  dam  and  bottom  of 
the  reservoir  are  protected  by  a concrete  lining.  The  visible  portion 
of  the  upstream  face  of  the  dam  has  a slope  of  2 horizontal  to  1 
vertical  and  is  paved  with  limestone  blocks  set  in  the  concrete  lining. 
The  blocks  extend  below  the  water  surface  to  a 10-foot  berm  which  is 
located  26  feet  below  the  top  of  the  dam. 

The  Dam  has  a maximum  height  of  about  36  feet  and  is 
approximately  4,200  feet  long.  The  top  width  is  20  feet  and  is  grass 
covered.  The  downstream  slope  is  2 horizontal  to  1 vertical  and  is 
provided  with  two  berms  each  15  feet  wide. 

The  outlet,  located  at  the  north  end  of  the  reservoir,  consists 
of  two  36  inch  conduits.  The  North  Gatehouse  on  the  crest  of  the 
dam  contains  two  manually  operated  gate  valves  to  control  discharge 
into  the  water  distribution  system. 
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The  reservoir  is  supplied  by  gravity  flow  through  two  30  inch 
conduits  originating  at  Skaneateles  Lake  about  19  miles  to  the 
southwest. 

The  intake  structure  and  South  Gatehouse  are  located  at  the 
southeast  end  of  the  reservoir.  In  addition,  a control  structure  for 
the  supply  conduits  is  located  below  the  base  of  the  dam,  near  each  of 
the  two  gatehouses.  (See  Figure  4 for  details  of  the  pipe  and  valve 
layout.) 

The  Dam  and  Appurtenant  Structures  are  owned  by  the  City  of 
Syracuse  and  operated  by  the  Water  Division.  The  primary  purpose  of 
the  reservoir  is  for  distribution  of  a treated  water  supply  for  the  City 
of  Syracuse. 

The  structures  for  Woodland  Reservoir  were  designed  by 
Howard  Soule,  Consulting  Engineers,  in  1892.  Construction  began  in 
1893  and  was  completed  in  1894  with  full  operation  beginning  the 
following  year. 

b.  Size  Classification  - The  Woodland  Reservoir  was 
designed  for  a storage  volume  of  121  million  gallons  (370  acre-feet) 
at  the  maximum  operating  pool  elevation  of  620  feet  above  mean  sea 
level  (MSL).  The  maximum  height  of  the  dam  is  36  feet.  The 
structure  is  in  the  small  size  category  as  defined  by  the  Recom- 
mended Guidelines  for  Safety  Inspection  of  Dams. 

c.  Hazard  Classification  - Woodland  Reservoir  is  located 
within  a residential  neighborhood  of  the  City  of  Syracuse.  The 
topography  surrounding  the  dam  is  such  that  overtopping  or  failure  of 
the  dam  would  cause  flood  waters  to  be  directed  toward  adjacent 
dwellings  resulting  in  severe  damage  to  property  and  loss  of  life. 
Therefore,  the  structure  is  in  the  high  hazard  category  as  defined  by 
the  Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

1.3  PERTINENT  DATA  (from  information  supplied  by  the  City  of 
Syracuse,  Water  Division.) 

a.  , Drainage  Area  - Woodland  Reservoir  is  isolated  from 
surface  runoff  by  drainage  ditches  and  the  local  topography.  The 
surface  area  of  the  reservoir  at  maximum  operating  pool 
(Elevation  620.6)  is  about  14  acres. 

b.  Discharges  - Discharge  from  the  reservoir  is  accom- 
plished through  manually  operated  gate  valves  located  in  the  North 
and  South  Gatehouses. 


Woodland  Reservoir  is  used  for  water  distribution  and  is 
dependent  upon  discharge  through  gated  conduits  from  Skaneateles 
Lake;  construction  of  an  emergency  spillway  for  flood  control 
apparently  was  not  considered  necessary. 

c.  Reservoir  Data 


Maximum  Operating  Pool  (Reservoir  at  Elevation  620.6) 
Length  - 1,750  feet  (maximum) 

Area  - 14  acres 
Volume  - 370  acre-feet 

Top  of  Dam  (Elevation  626.6) 

Length  - 1,750  feet  (maximum) 

Area  - 14  acres 
Volume  - 454  acre-feet 

Maximum  Pool  (PMF  - Elevation  622.6) 

Length  - 1,750  feet  (maximum) 

Area  - 14  acres 
Volume  - 398  acre-feet 

d.  Dam  Data 


Type  - earth  embankment 
Top  elevation  - 626.6  feet 
Original  ground  elevation  - 590.6  feet 
Length  - 4,200  feet 
Top  width  - 20  feet 

Side  Slopes  - upstream  slope  2 s 1 (horizontal : vertical) 
downstream  slope  2 s 1 
Zoning  - none 
Impervious  core  - none 

Cutoff  - 14-foot  thick  clay  puddle  cutoff  extending  5 
feet  into  embankment  and  13  feet  into  found- 
ation soil 

Grout  curtain  - none 

Reservoir  lining  - basin  lined  with  9 inches  of  concrete 
and  l£  inches  of  gunite 
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Outlet  Works  - See  Section  1.3.b. 


f*  Engineering  Data  - The  information  available  for  review 
of  Woodland  Reservoir  Dam  included: 

1)  Sections  of  Woodland  Reservoir,  dated  Novem- 
ber 10,  1892. 

2)  Plan  of  Conduit  Line  to  Woodland  Reservoir, 
dated  September  15,  1908. 

3)  Topographic  Map  - Woodland  Reservoir,  dated 

July  1917 

4)  Layout  of  Pipes  & Valves  at  Woodland  Reservoir. 

5)  Plan  & Section  of  6"  Underdrain  at  Toe  of  the 

Embankment. 

6)  A report  entitled  "Relining  of  Woodland  Reser- 
voir with  Gunite  - 1932." 

7)  DAM  REPORT  by  the  Conservation  Commission, 
State  of  New  York,  dated  August  2,  1917. 

8)  A report  by  B.K.  Hough,  Consulting  Engineer. 

9)  Water  levels  from  piezometers  installed  in  1964. 
1.4  OPERATING  AND  MAINTENANCE  PROCEDURES 


a.  Operation  - Under  normal  conditions,  the  reservoir  is 
used  for  water  supply  and  is  maintained  at  the  maximum  operating 
pool  level.  Drawdown  of  the  reservoir  can  be  accomplished  by 
opening  a 16  inch  diameter  overflow  conduit  along  with  the  three 
water  distribution  mains. 

b.  Maintenance  of  Dam  and  Operating  Facilities  - The 
facilities  at  Woodland  Reservoir  are  under  daily  surveillance  by  a 
work  crew  assigned  to  the  site  and  repairs  are  performed  as  the  need 
arises. 

c.  Warning  System  - No  system  for  flood  warning  is 
currently  in  effect,  but  the  water  surface  elevation  is  continually 
monitored  at  the  Water  Department's  control  center. 
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SECTION  2 - VISUAL  INSPECTION 


2.1  FINDINGS 

a.  General  - The  field  inspection  of  the  Woodland  Reser- 
voir embankment  took  place  on  June  5,  1978.  The  reservoir  water 
surface  elevation  was  about  620  feet  MSL  during  the  inspection.  No 
underwater  areas  were  inspected. 

b.  Dam  - The  entire  downstream  slope  and  crest  of  the 
dam  is  grass  covered.  There  was  no  indication  of  slope  misalignments 
or  seepage  along  the  downstream  toe  and  slope  at  the  time  of 
inspection.  During  the  inspection,  no  discharge  was  observed  in  the 
catch  basin  which  collects  flow  from  the  drain  system  installed  along 
the  northwest  toe  of  the  slope.  Evergreen  trees  with  diameters  as 
large  as  3 feet  are  growing  in  the  downstream  slope  between  the 
North  Gatehouse  and  the  access  road.  Grass,  small  bushes  and  vines 
are  growing  between  the  stone  masonry  blocks  on  the  upstream  face 
around  the  entire  reservoir. 

c.  Gatehouses  - The  brick  masonry  structures  appeared  to 
be  in  excellent  condition.  The  gate  valves  within  the  structures 
appeared  to  be  well  maintained,  but  were  not  operated  during  the 
inspection. 

d.  Reservoir  Area  - The  natural  ground  west  of  the 
reservoir  slopes  upward  to  an  elevation  about  60  feet  above  crest  of 
dam.  The  slope  is  covered  with  deep  grass  and  appeared  stable  at  the 
time  of  the  inspection.  Runoff  from  this  slope  is  intercepted  by  a 
drainage  ditch.  A brick  masonry  standpipe  has  been  constructed  on 
the  top  of  this  hill  with  an  asbestos  cement  overflow  pipe  which 
discharges  into  Woodland  Reservoir.  The  northeastern  portion  of  the 
basin  is  cut  into  the  gently  undulating  summit  of  a hill  which  slopes 
away  from  the  basin  towards  the  northeast.  The  remaining  perimeter 
generally  slopes  away  from  the  embankment  and  is  grass  covered. 


SECTION  5 - HYDROLOGY/HYDRAULICS 
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The  design  flood  used  for  the  Woodland  Reservoir  structure  is 
the  Probable  Maximum  Flood  (PMF),  according  to  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams.  The  reservoir  surface  at 
the  maximum  operating  level  (Elevation  620.6)  comprises  the  entire 
drainage  area.  Therefore,  the  PMF  was  considered  equivalent  to  the 
adjusted  48-hour  Probable  Maximum  Precipitation  (PMP)  which  would 
raise  the  reservoir  water  surface  about  2 feet. 

The  embankment  is  provided  with  6 feet  of  freeboard  above 
the  maximum  operating  pool.  Therefore,  no  difficulty  is  to  be 
anticipated  in  adequately  storing  the  rainfall  of  a storm  less  than  or 
equal  to  the  PMP. 

A drawdown  analysis  was  performed  assuming  discharge  into 
the  distribution  mains  with  a starting  water  surface  elevation  of  620 
feet  and  no  inflow.  According  to  the  calculations,  complete 
drawdown  of  the  reservoir  would  take  7 days. 
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SECTION  4 - STRUCTURAL  STABILITY 


4.1  VISUAL  OBSERVATIONS  AND  DATA  REVIEW  - Although  the 
Dam  appeared  stable  at  the  time  of  inspection,  the  existence  of  large 
trees  on  the  downstream  slope  represent  a potential  hazard:  the 
trees  could  be  uprooted  by  high  winds,  or  the  root  systems  of  the 
trees  may  provide  seepage  paths  that  could  lead  to  future  piping. 

Extensive  repairs  and  a number  of  investigations  of  Woodland 
Reservoir  Dam  have  been  undertaken  since  1894. 

According  to  the  report  entitled  "Relining  Woodland  Reservoir 
with  Gunite  - 1932"  (See  Appendix),  in  January  1932  seepage  was 
observed  flowing  from  the  northwest  toe  of  the  downstream  slope. 
The  reservoir  was  drained,  piezometers  were  installed  in  the 
embankment,  the  concrete  lining  was  inspected  and  pressure  tested 
and  a full  scale  leakage  test  was  performed  to  determine  the  source 
of  seepage.  The  conclusion  of  this  investigation  was  that,  sic,  "the 
concrete  lining  was  structurally  sound  but  very  soft  and  porous."  The 
reservoir  was  subsequently  lined  with  about  l£  inches  of  gunite  and  a 
6-inch  underdrain  installed  along  the  northwest  toe  of  the  down- 
stream slope. 

B.K.Hough,  Consulting  Engineer,  was  retained  in  1964  by  the 
City  of  Syracuse  to  evaluate  the  embankment  conditions  in  connect- 
ion with  a new  school  to  be  built  in  the  vicinity  of  Woodland.  A 
subsurface  investigation  program  consisting  of  soil  borings,  laboratory 
testing  and  piezometer  installations  was  undertaken  by  the  consult- 
ant. Mr.  Hough  concluded  that  the  reservoir  and  its  embankments 
were  in  good  condition.  Excerpts  from  this  report  are  included  in  the 
Appendix. 

It  is  significant  to  note  that  the  piezometers  installed  during 
the  1964  investigation  have  been  monitored  and  the  readings  recorded 
on  a regular  basis  by  City  personnel.  Evaluation  of  this  data  indicates 
that  all  piezometers  have  been  essentially  dry  since  installation. 

4.2  GEOLOGY  AND  SEISMIC  STABILITY  - Woodland  Reservoir  is 
located  within  the  Erie-Ontario  physiographic  province,  a relatively 
low,  flat  area  bordering  Lake  Erie  and  Lake  Ontario.  The  simple 
erosional  topography  is  modified  by  glacial  drift  in  the  form  of 
drumlins,  shoreline  deposits  and  recessional  moraines.  The  reservoir 
is  formed  by  the  enclosure  of  a saddle  between  two  drumlins 
deposited  during  the  Pleistocene  Epoch.  The  glacial  till  which  forms 
the  foundation  of  the  dam  was  excavated  from  the  saddle  area  and 
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utilized  as  fill  for  embankment  construction.  The  basement  rock,  a 
thinly  bedded  Silurian  dolomite,  varies  in  depth  from  20  feet  to  40 
feet  below  the  original  groundline. 

No  fault  zones  are  known  to  exist  in  the  vicinity  of  the 
reservoir.  The  structure  is  located  within  Seismic  Zone  2 of  the 
Seismic  Zone  Map  of  Contiguous  States,  and  it  appears  that  static 
stability  conditions  are  satisfactory.  No  earthquakes  have  been 
recorded  of  any  significant  magnitude  within  50  miles  of  the 
reservoir. 
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SECTION  5 - ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 


5.1  ASSESSMENT  - The  Woodland  Reservoir  embankment  appears 
to  be  stable.  No  evidence  of  seepage  or  unusual  settlement  was 
observed  at  the  time  of  inspection.  However,  large  trees  (up  to  50 
feet  tall)  are  growing  in  the  northwest  slope.  This  is  a potential 
problem  since  the  roots  of  trees  have  been  known  to  provide  a path  of 
seepage  through  embankments.  Further,  high  winds  could  uproot  the 
trees,  thus  removing  large  portions  of  the  embankment. 

Although  the  stone  masonry  riprap  on  the  upstream  face 
appeared  to  be  in  good  condition,  the  vines  and  bushes  growing 
between  the  stone  blocks  could  eventually  loosen  the  riprap  facing. 

The  structures  for  the  outlet  works  associated  with  Woodland 
Reservoir  appear  to  be  in  good  condition,  and  should  not  adversely 
affect  the  safety  of  the  embankment. 

5.2  RECOMMENDATIONS/REMEDIAL  MEASURES  - The  large 
trees  on  the  downstream  slope  should  be  cut  near  the  ground  surface. 
A further  investigation  should  be  made  to  determine  the  extent  of  the 
root  system  before  additional  measures  are  implemented. 

The  shrubs  and  vines  growing  on  the  upstream  slope  should  be 
pulled  or  cut  and  the  root  systems  destroyed.  The  cavities  should  be 
cleaned  and  filled  to  grade  with  an  appropriate  binding  material. 


QlfFOBO 


seymov* 


Syracuse- StauT 

' Si-h 


Hospital 


BURNET 


FIGURE  I 

REGIONAL 
VICINITY  MAP 

SCALE  1*24000 


rvuua^NO 


I 


-Zo’  — j 


■/S'  — 


-/s' 


.} 


I I 

j ! 

I 5 


I C\iY 

\ Puddle 

\ 

l_j 


0Ai6'A/AL  GROUND 


ECTION  B-B 


ECTION  D-D 


7/AW- 


NOTE 


jn  + or^  a^-ion  •*••5 r ^ h i S S ^ etc  I i & i 

frorr  "CROSS  SECTION  OF  ^/V£ 

VVOODt A N D REStRvo/ P , Howard  Soule, 
CooSLtH i r<j  irn^ireer,  [Nov.  10,18*32. 


I 


*^vTr~ 


FIGURE  3 

TYPICAL  SECTIONS 


CROSSETT  ST 


GATE  HOUSE 
GEODES  ST 


STOP  COCK  VAULT 
GEDOES  ST 


SUPPLY  MAIN  » 

1 SCB VICE  SUPPLY  MAIN 


FIGURE  4 


DIVISION  OF  WATER-CITY  OF  SYRACUSE 

LAYOUT  OF  PIPES  & VALVES 
AT  WOODLAND  RESERVOIR 


AIM 


? A 


36-MAIN  TO  CITY 
DISTRIBUTION  SYSTEM 


af': 


wmm 


FIGURE  5 


,;foT.C  K:  After  W«-vS  out  on,  of  these  forms  « .omplctet,  as  po^ble  for  each  d,m  In  your  district,  return  it  et  one.  to  the 
CousvivatUm  Alliany.) 

State  or  New  York 

Conservation  commission 

Albany 


DAM  REPORT 


or*<2 


19*J7~ 


(Date) 


Con se rv at ion  Commission, 

Division  of  Waters. 


Gentlemen: 

I have  the  honor  to  make  the  following  report  in  relation  to  the  structure  known  as 

°am-  . , . , , _ 


This  dam  is  situated  upon  the. 


/ 


(Gin  m:)M  of  «ut»») 


in  the  Tovvjr  of 

about 


County, 


1 / / 

•%  .... from  the  Village  or  City  of...CCtK<^‘i — 

(Slate  distance)  J V 


The  distance stream  from  the  dam,  to  the. 


(Up  or  down) 


(Giv«  name  of  nearest  important  stream  or  of  a bride*) 


is  about.. 


(State  distance) 

The  dam  is  now’  owned  by. 


Xttiva  naive  and  addrew  in  full) 


and  was  built  in  or  about  the  year and  was  extensively  repaired  or  reconstructed 

during  the  year 

As  it  now  stands,  the  spilhvay'portion  of  this  dam  is  built  of  — £5£T 

and  the  other  portions  are  built  of. 

As  nearly  :is  I can  learn,  the  character  of  the  foundation  bed  under  the  spillway  portion 

of  the  dam  is  . aml  umkT  lhc  ^mamini:  lwrtions  such 

foundation  bed  is C..S., 1*. 


£ *•  *»’  «•'  ■«■-»  *-. * «**—«*•  <* »-  «—-*••—• 

early  as  you  can  learn.) 


\\  , 


*“w  ‘wtm  JW«lu  01  W,1S  «■»  *• ~~ feet.  Tile  spillway  , 

v weir  oortion.  is  about  ‘ • f-n1  , . ..  r , 

* -fect  long,  and  tlie  crest  of  the  sp 

about — — feet  below  the  abutment.' 

The  number,  size  and  location  of  discharge  pipes,  waste  pipes  or  gates  which  may 

for  drawing  off  the  water  from  behind  the  dam,  arc  as  fo1W«.  10*2* 

cy*1 

At  the  time  of  this  inspection  the  water  level  above  the  dam  waa._ ft-  ’ 


cv._  « 


above  crest  °f  the  spillway.  3^^* 


*Hjr  teaks  o/cncks  •? you  ms^hlJo  obw«d!)*  **“  '*  C°*d  eondition'  #r  bl1  coadiUoa,  ds*^ibia*  pi 


^<7  ^ x 


■ 4 
* 


— 7-~>  . -1/y  , Reported  by.. 

(.VU.v, .,uj  j\  n.  ||.„  ^ R.'ipW:,V **  y" 


Bl/?UZ.£. 
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,«ad  Munolv  na  oonatvooM  in  tha  ftaia  1892 
sad  vu  put  into  operation  tn  the  latter  year, 
ltd  with  9*  of  oonorete  on  the  bottoa  and  slopes 
hem.  II*  of  oonoroto  on  the  hem.  and  the  upper 
lined  with  I*  of  oonorete  faded  with  one  foot 
pa  Liae  atone  aaaonrr.  tt>  ooaetruetlon  or  expaneion 
• pro  Tided*  saoh  day*  a pouring  vaa  lelned  to  the 
day*  a nark  In  irregular  line  a without  epeelal 


ut  HO  feet,  dll  of 
bantam t,  the  oaea 
lev  ax tried  In  tha 
9IM  thin  erldanoe, 
pane  thru  the  an- 


About'  April  tit  tb*  l*r*l  mt  again  l©w*r*d  until 
•tl  of  tb*  water  bod  basn  drained  fro*  th«  boil  which  waa 
aaooapllshed  about  thi  nlddlo  of  th«  south* 

Vban  tb*  depth  of  nt»r  In  tbt  tiMnelr  wasabout 
We  foot*  thi  |Uti  conservation  Dspartanst  rnsowod  all 
of  tha  ffdh  In  tha  mnwlr  by  Mini  of  nttt  transporting 
thoot  flab  to.  neighboring  l»Ui,  ttrodrode  ofpirjb  and 
loaoor  laounti  of  *hlti  flab  and  bast  w*r*  ***ov*d. 


Cleaning  operations  war*  bagoa  at  ante  by^tba  iatar^ 
p&wlaion  using  its  own  nan.  A 1 agar  of  about  »jr*  •£  atlt* 
sud  and  aaa  waad  ooaarad  tha  lowar  at  op*  a and  bottas.Tbl* 
naa  oorapad  with  a trunk  and  aoodan  aoranar  to  tha  Oaddaa 
Straot  gat*  bout*  Wh*r*  it  was  ftu*h*d  to tu  tb*  30 " and  at* 
blab  aarrlo*  faadar  to  Onondaga  Oraak.  final  cleaning  n» 
■Mnianll rfhif  hr  nan  with  broovta  by  May  SO*  fba  olaanlng 
operation  roqured  about  tan  nan  par  day. 


A oarafnl  inapaotlon  of  tb*  lining  waa  th*n  sad*  to 
dstemlna  ito  oondltlon.  It  nao  found  that  tha  old  oo»- 
SSS? U general/ had  deteriorated  but  littia.  noat  of 
ItO  flisfaeo  boing  anooth  and  lutaat.  Hsweror.  It  was  found 
to  bo  wary  porous  and  aoft.  in  noat  places  It  oould  bs  ra- 
noaod  vltn  tbs  not  of  a ploVc  only.  A a*  oora  waa  bored  fro 
tha  lining  and  inaartad  in  tb*  and  of  a $•  oaat  iron  pip* 
UhlOh  was  sadUd  tight  md  a proasur*  applisd  oomspondlag 
go  a — Tins  praaaurs  on  tb*  ootton  of  too  reservoir.  This 
toot  dhowsd  that  tbars  was  aa  appvsolsbl*  seepage  of  watsr 
thru  tha  lining  undst  this  pr*aovars* 

* ' f 

tha  worst  oondltlon  waa  at  tha  aagl*  forssd  by  tha 
r glop*  In  tha  bam  Whtrs  oona  aattlan*nt  of  tha  uppar 


Slop#  had  onaoad  tbs  inoids  adgo  of  tbs  ban  to  ftio, 
loafing  a amok  at  «hia  antfl*  varying  in  thloknaas  fro*  a 
snail  fraction  of  an  Inch  to  tb*  thickness  of  a naa*a  band, 
mo  oondltlon  vaa  worat  opposite  tha  point  in  tha  north- 
oaat  oora or  nhars  wator  had  boon  obssrrod  brooking  out  of 
tha  ground.  at  tb*  to*  of  slop*.  Usmoror.  th*ro  vas  a 
billow  spa**  bonsatb  tb*  b*m  Indicating  osttlanrat  or  wash, 
•nob  d oondltlon  aaa  mao  ubaarrod  Unadlataly  south  and 
north  of  tha  nppar  oaddaa  otraot  gats  bouts.  At  a point 
lust  north  of  this  gat*  bout*  it  had  boon  not*d  for  years 
that  thorn  nao  an  unusual  auount  of  ground  vatsr  breaking 
oat  of  fhio  aids  Mil  toward  Oodtfas  atrsot.  it  being 
•spatially  notlooabla  in  tb*  obook  ralro  ohanbers  of  tb* 
oondulta  located  in  this  area.  It  1*  probabla  that  at  laaat 


ojf  this  water  was  leakage. 
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la  the*  late  Fall  of  1931  loateg*  teeta  n*re  **»  on 
gnoillavi  Hamit  by  closing  all  of  the  gates  on  the 
islet  outlet*  and  meant  ring  the  drop  to  tho  ro*e»oolr, 
•otisittM  Mtc  aade  tot  evaporation  and  rainfall.  Jr 
thia  boat  It  vac  found  that  leakage  existed  to  the  extent 
Of  800.000  to  890.000  gallon*  per  dor.  JW«  t**t,  with 
tb*  evidence  obtained  bf  laapeotlon  of  the  lining,  showed 
that  the  MhahMit  of  thl*  rsaervolr  la  not  impervious. 


A *tnt  va*  tsv  begun  of  tb*  beat  vetbod  of  repairing 
th*  rdaervolr  living  to  Insure  nater-tightnee*  at  reaaomil* 
•oat.  Baaed  on  oar  exporienoe  In  lining  the  nev  aeatoott 
Reservoir,  a gnnlte  lining  d>r  foodland  aae  favored  by  tbe 
- bat  it  va*  felt  that  investigation  of  otter 


naterprooHng  netted*  costing  !•••  should  be  aade.  A great 
deal  of  study  va*  therefore  given  to  the  various  wnter- 
parooftng  aaterlsl*  on  the  market  for  this  k&nd  of  v*rk  sad 
naterpfo* f engineer*  and  oontraotor*  wer*  Invited  to  iv- 
vostigate  the  oavditlon  of  the  living  and  to  give  their 
pplnlan  aa  to  the  practicability  and  ooat  of  waterproofing 

avoir.  various  material*  and  method*  wore  oonaldered. 


the  roaorvoir 


-I* 


including  aval  sif led  aaptelt.  a*nbnm*  waterproof  lag 
MplMdl,  and  varioue  powdered  motel  treatments. 


hot 


there  aevaad  to  ho  a groat  daal  of  different#  of 
. opinion  on  the  •abject  of  waterproofing.  Boa*  of  th***  so** 
; torn*  vm  able  to  atew  a single  job  in  this  *ountry  where 
..  ttelx  pro#***  ted  boen  need  *uo*o**fnily  on  a job  of  aay- 
thing  of  tb*  ma jilted*  of  roodland  Heeervelr.  Tb*  ostivated 
ooat  fax  th*  varion*  traatmont*  varied  from  five  oont*  to 
ten  oont*  per  ignore  foot.  Bhlle  thl*  was  substantially 
steeper  than  a gavite  lining  there  was  no  atanraneo  that  any 
of  the**  waterproofing*  would  be  effective  for  mor*  than  ten 
years,  Oh  area*  it  la  oonwonly  oonoedad  that  tte  life  of  a 
good  gavite  lining  la  indefinite,  anally  exceeding  $0  year*, 
and  it  va*  therefore  decided  to  gnnlte  tte  rooorwoir. 


Snanenoh  a*  oonaidarabl*  experience  had  boen  gained 
by  tte  01  ty  iv  tte  lining  of  veateott  Reservoir  and  in  th* 
rosanroh  work  vhloh  tte  rater  Division  did  in  the  winter  of 
1930»Si.  and  a*  there  van  a desire  to  avplogr  local  labor  a* 
ante  a*  possible,  it  va*  decided  to  do  thl*  work  with  the 
City**  own  force*  employing  a minimum  number  of  experlenoed 
noselem*n  and  gawn  until  euoh  time  ae  City  men  had  teoom* 
sufficiently  familiar  with  thl*  work  to  glvw  good  prodnotlon 
and  quality.  Too  or  throe  vwm  of  th*  Division  foroe*  nor* 
already  *xp*rl*n**d,  having  sorted  on  various  aaall  punlt* 
job*  teloh  th*  Olty  ted  dote  ainoo  the  lining  of  vestoott 
Reservoir. 
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It  na  ocMiaaiy  to  not  squipnent  for  suoh  a largo  Job 
and  bid*  mn  thoroforo  aaksd  on  too  rootal  of  mix  of  the 
14  Os— nt  Ouos  and  oufflolont  oonpreesor  capacity  to  furnish 
not  loot  than  1*50  ouble  f— t of  free  air  par  Minute.  other 
alaoallanaoua  equipment  pertaining  to  the  guassnoh  as  hose t 
—sales . slim.  ate*,  oara  lnoluded  In  tha  hid,  tha  os— at. 

Oun  Oo— any  of  Allentown,  Pennsylvania,  oara  low  bidders  on 
this  equip— nt,  furnishing  four  large  horleontsl. Blow  spaed, 
eleetrt sally  driven,  air  oonpressore,  with  tha  other  equip* 

■ant  specified,  and  tw>  Mechanics  for  operating  the  ooapreesore 
and  servicing  all  of  tha  equip— at.  contracts  were  let  to  low 
bidders  an  Materials  as  follawsi 

Os— at  * D.  J.  Salisbury,  Ino.,  Syracuse,  H.  T* 

•and  - B#  D.  Hyde,  solvay,  r.  T. 

Math  A Expansion  Bolt  a - pararon  Plaster  Oo. , Syracuse,  5.  Y. 
OBvper  Expansion  Joint  - f.  Talbolt  A sons,  Syracuse,  r.  T. 
PUstle  Joint  Material  waa  bought  fro*  the  Oentral  City  Hoofing  < 
Alfa  Osaent  was  — featured  at  JoMSsrille,  i,  T. 
gash  • nanufaatared  by  rlokwtre- sponsor  Oo, 

tbi  bid  on  assent  and  sand  oalled  for  delivery  at  the 


St  has  decided  to  apply  a lining  of  tbloknsss  on  the 
oonsreta  and  Aa  average  thickness  of  on  the  stone.  The 
lining  was  to  extend  to  within  10  feet  of  the  top  of  the 
reservoir  Measured  along  the  elope,  it  see  not  thought  neoee- 
sary  to  line  this  area  as  It  ie  above  the  high  water  line, 
and  subjeot  to  splash  only. 


\\m& 
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2.  RESERVOIR  DESIGN  AND  CONSTRUCTION 

Tl»*  reservoir'  is  located  in  the  southwest  aection  of 
lha  . Ity  »*  shown  in  Kip.  1 or  the  facir^;  at£«  of  t fee  rmptrt 
*ml  4,-nxta  important  part  of  c he  municipal  water  eupply 
C,ty  r«corda  indicate  that  the  reeervoir  waa  built 
in  1 894.  It  haa  been  continuously  in  service  ever  since.  » 
C4  acme  ” £ years 

The  reservoir  haa  a capacity  of  about  125  million  gal- 
Iona.  The  overall  length  is  roughly  1750  feet;  the  width. 
400  feet,  and  the  depth  of  water,  about  35  feet. 

Existing  site  topography*  and  orientation  of  the  res- 
ervoir are  shown  in  Fig.  2.  Construction -drawings  indi- 
cate that  the  site  was  originally  a saddle  from  which  the 
flow  of  surface  water  was  respectively  to  the  north  and  the 
south.  The  Reservoir  was  formed  by  making  an  excavation 
in  the  saddle  area  and  utilising  the  excavated  material  to 
construct  dikes  at  either  end.  It  appears  that  there  was  an 
approximate  balance  of  cut  and  fill  and  that  all  embankment 
material  was  obtained  from  the  site.  Thus  the  reservoir 
bottom  and  all  cut  and  embankment  slopes  are  in  or  of  es- 
sentially the  same  material.  This  material  is  glacial  till 
as  is  more  fully  described  in  later  sections  of  this  report. 

The  dikes  are  of  homogeneous  cross  section  and  wars 
originally  constructed  without  provision  for  internal  or  toe 
drainage.  The  plans  indicate  that  a core  trench  with  puddled 
backfill  was  constructed  along  the  centerline  of  the  embank- 
ment sections.  The.  embankments  were  reportedly  com- 
pacted by  use  of  a grooved  roller  but  details  on  the  sise  and 
weight  of  the  roller  do  not  appear  in  the  records.  Embank- 
ment side  slopes  as  well  as  cut  slopes  are  1 on  2 except  as 


* All  detailed  topographic  plans  and  embankment  cross 
sections  appearing  in  this  report  show  elevations  referenced 
to  the  City  of  Syracuse  datum.  To  convert  these  elevations 
to  U.S.  C.S.  datum  (MSL)  add  360.  02  ft. 
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modified  by  berms.  Embankments  and  cut  sections  were 
constructed  to  provide  for  about  5 ft.  freeboard  above  the 
normal  reservoir  level. 

The  entire  bottom  and  sides  of  the  reservoir  are  paved 
with  concrete,  the  upper  section  of  which  is  faced  with  hand 
placed,  mortared  stone  riprap.  It  appears  that  this  lining 
was  expected  to  serve  as  a watertight  membrane  and  that 
this  accounts  for  lack  of  provision  for  drainage  in  the  em- 
bankments themselves.  It  may  further  be  noted  that  the 
lining  was  constructed  directly  on  the  earth  surfaces  of  the 
bottom  and  sides  without  an  underlying,  pervious  drainage 
course. 


Since  its  original  construction,  the  reservoir  has  been 
modified  in  some  respects  as  required  to  meet  various  situ- 
ations which  developed  during  reservoir  operation,  .la  1938 
a break  in  the  lining  on  the  north  dike  reportedly  occurred. 
Seepage  through  the  embankment  with  outcrop  on  the  land- 
side  slqpe  was  observed  at  that  time.  The  lining  was  re- 
paired and  a pipe  drain  installed  at  the  landside  toe  of  the 
embankment.  No  further  trouble  at  this  location  has  since 
been  observed  and  it  is  reported  that  little  if  anyflow  issues 
from  the  drain.  At  about  the  same  time  while  the  reservoir 
was  empty  or  being  emptied,  a section  of  lining  on  the  west- 
erly side  of  the  reservoir  was  heaved  by  pressure  of  water 
seeping  from  the  hillside  on  which  the  standpipe  is  located. 
An  intercepting  drain  was  installed  along  die  foot  of  the  hill- 
side slope  and  the  lining  repaired.  There  has  been  no  known 
trouble  at  this  location  since.  Repairs  to  the  lining  have 
been  required  on  a number  of  other  occasions  but  these  re- 
portedly did  not  include  installation  of  any  form  of  drainage. 

There  is  some  question  in  the  minds  of  these  operating 
the  reservoir  whether  the  lining  is  now  or  has  ever  been 
completely  watertight.  This  doubt  is  supported  by  occa- 
sional measurements  of  Inflow  and  outflow  made  at  times 
when  no  known  breaks  in  the  lining  existed.  These  meas- 
urements although  admittedly  not  of  a highly  precise  nature, 
have  given  evidence  of  leakage. 
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3.  FIELD  INVESTIGATIONS 


Several  investigations  have  recently  been  made  at  the 
reservoir  sits  for  various  purposes  as  described  below. 

# 

a.  Investigation  for  Southwest  Junior  High  School. 

• 

In  March  1 964,  borings  were  mads  in  the  north- 
easterly corner  of  the  property  to  investigate  conditions 
affecting  construction  of  the  proposed  Southwest  Junior  High 
School.  These  were  designated  borings  #i  to  9 inclusive. 
Their  locations  are  shown  in  Fig.  2.  While  this  investiga- 
tion did  not  include  examination  of  the  reservoir  embank- 
ments, it  providsd  information  on  certain  site  features  of 
interest  in  this  report.  For  this  reason,  the  driller's  logs 
of  these  borings  have  been  included  in  Appendix  1 . 


b.  Investigation  of  Reservoir  Embankment 

The  purpose  of  the  investigation  undertaken  by 
the  writer  was  to  determine  the  nature  and  condition  of  the 
materials  in  the  reservoir  embankments  and  the  embank- 
ment foundations.  Although  the  initial  plan  was  to  make 
this  investigation  by  means  of  both  test  pit  excavations  and 
borings,  agreement  was  reached  with  the  City  Engineer 
during  the  course  of  the  work  that  borings  alone  would  be 
sufficient.  Fifteen  borings  dssignated  1 -A  to  15-A  inclu- 
sive, were  eventually  made  at  locations  shown  in  Fig.  2. 
The  driller's  logs  of  all  these  borings  will  be  found  in  Ap- 
pendix 2 of  this  report. 

Borings  1-A,  2- A and  3- A wars  made  in  the  period 
Oct.  28  to  Nov.  5,  1964  to  constitute  a preliminary  investi- 
gation which  could  be  used  as  a guide  in  planning  the  re- 
mainder of  the  work.  These  three  borings  located  respec- 
tively in  the  north,  east  and  south  dikes,  were  drilled 
through  die  embankments,  the  underlying  natural  soil  for- 
mations and  well  into  the  bedrock  beneath. 

All 


f 
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Borings  4-A  to  15-A  inclusive  were  made  in  the  sum- 
mer of  1965*.  These  were  for  the  duel  purpose  of  investiga- 
tion of  embankment  and  foundation  conditions  and  also  for 
installation  of  piesometers  as  subsequently  described. 

1.  * 

Information  obtained  from  these  borings  will  be  found 
not  only  in  the  driller's  logs  but  also  on  the  embankment 
cross  sections  presented  in  Figs.  3,  4 and  5.  Reference 
j j to  these  figures  will  facilitate  comparison  of  data  such  as 

% penetration  resistance  values  for  samples  at  varying  depths 

from  the  several  different  borings  which  were  made  in  each 
1 section. 
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J.  FINDINGS 

a.  Natural  Site  F ormations 

Aside  from  the  reservoir  itself,  the  most  con- 
spicuous site  feature  is  the  elongated,  hill  or  .knoll  on  which 
the  standpipe  is  located.  This  hill,  which  rises  to  a height 
<•1  about  60  ft.  above  the  water  level  in  the  reservoir,  is  a 
druinlin.  Although  no  borings  were  made  in  the  hill,  it  is 
known  from  the  regional  geology  that  such  formations  are 
t-omposed  of  glacial  till,  an~extremely  strong,  compact, 
lnas sorted  but  relatively  well  graded  mixture  of  sand,  silt 

•»?'d  clay  with  scattered  gravel  and  occasional  boulders. 

* 

The  remainder  of  the  City-owned  property  is  a larger, 
less  well  defined  drumloid  land  form,  a. formation  which  is 
•»Uo  composed  of  glacial  till. 

The  borings  indicate  that  the  till  reats  directly  on  the 
bedrock.  Since  both  the  ground  and  rock  surfaces  have  sig- 
nificant slope,  the  depth  to  rock  varies  considerably.  How- 
ever, the  overburden  as  a whole  is  relatively  shallow.  The 
!cpth  from  original  grade  to  rock  probably  does  not  greatly 
exceed  about  35  ft.  at  any  point  and  in  general  is  closer  to 
.ibout  20  ft. 

• 

The  bedrock  has  been  identified  as  belonging  to  the 
1'crtie  Formation.  This  formation  is  composed  of  thin- 
bedded,  slabby,  siliceous,  dolomitic  limestone.  For  a depth 
of  5 to  10  ft.  the  rock  is  believed  to  be  somewhatweathered. 
It  is  probable  that  the  weathered  rock  interval  is  consider- 
ably more  pervious  than  the  till  and  that  it  functions  as  an 
ii.uerdrain  or  aquifer. 

b.  Reservoir  Embankments 

The  embankments  were  constructed  with  glacial 
{•Umaterial  taken  from  on-site  excavations.  Texturalchar- 
•“  '-eristics  of  this  material  are  indicated  by  the  gradation 
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urves  in  Appendix  3.  The  till  may  be  classified  as  a well 
..raded  sandy  Silt  with  little  to  some  clay,  scattered  gravel 
and  occasional  boulders. 

The  in-place  density  or  compactness  of  the  embank - 
UMMit  material  may  be  judged  in  several  ways.  One  is  by 
rnerence  to  the  standard  penetration  resistance  values  ob- 
tained in  each  sampling  operation  in  each  boring.  These 
values  appear  in  the  driller's  logs  and  on  the  graphic  logs 
tu  borings  in  Figs.  3,  4 and  5 of  the  text.  Another  index  of 
compaction  is  found  in  the  unit  dry  weight  and  unconfined 
compressive  strength  values  for  the  Shelby  tube  samples 
which  were  taken  at  intervals  in  some  of  the  borings.  These 
calues  also  are  given  inFigs.  3,  4 And  5.  To  organize  these 
•iata  so  that  their  significance  becomes  more  apparent,  a 
tabulation  of  teBt  values  is  presented  in  Fig.  6.  In  this 
tabulation,  the  values  are  listed  in  descending  order  of 
shearing  strength. 

Aftercareful  analysis  of  both  the  standard  penetration 
resistance  values  and  the  laboratory  test  data,  it  has  been 
concluded  that  embankment  compaction  on  the  whole  is  rea- 
sonably good.  There  are  some  indications  in  fact,  that  the 
embankments  are  about  as  compact  as  the  undisturbed  ground 
on  which  they  were  constructed.  'Within  each  embankment 
section  which  was  investigated  there  are  random  variations 
;n  density  and  water  content  but  this  is  true  of  most  embank- 
ments. Considering  the  dat-  for  all  the  different  sections, 
there  is  an  indication  that  the  material  in  the  landside  toe 
of  the  north  dike  is  somewhat  less  compact  than  that  at  any 
other  single  location. 


No  evidence  of  seepage  through  any  embankment  sec- 
tion was  found.  In  fact  no  positive  evidence  of  a phreatic 
or  free  water  surface  either  due  to  seepage  or  the  natural 
ground  water  table  was  found.  It  is  therefore  concluded 
that  at  the  present  time  the  lining  is  reasonably  watertight 
•>nd  that  groundwater  is  seeping  through  the  weathered  zone 
•*t  the  surface  of  the  bedrock  formation. 
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TABULATION  OF  TEST  DATA 


Sample 

depth. 


Location 


% 

I* 

fL 

% 

w 

Section 

Dike 

U 

ary 

3-  A 

5 - 6 

4.49 

136 

9.  1 

A-A 

N.  dike 

: -A 

42|-44| 

4.03 

125 

11.  1 

B-B 

N.  dike 

'•A 

20  -2li 

3.  16 

135 

8.9 

A-A 

N.  dike 

. • A 

tZi-14* 

3.  1 

132 

10.  5 

C-C 

E.  dike 

} A 

32i-34i 

3.  1 

127 

10.7 

E-E 

S.  dike 

• -A 

42^.44^ 

2.37 

127 

10.4 

B-B 

N.  dike 

1 A 

5 - 6 

2.02 

98 

23.6 

A-A 

N.  dike 

-•A 

22*-24£ 

2.0 

132 

10.7 

C-C 

E.  dike 

• A 

20  -21 

2.0 

134 

10.5 

A-A 

N.  dike 

7- A 

25  -26 

1.72 

139 

10.2 

A-A 

N.  dike 

1 A 

!2±-l4£ 

1.6 

120 

13.3 

E-E 

S.  dike 

i-A 

15  -16 

1.48 

126 

12.5 

A-A 

N.  dike 

l - A 

15  -17 

1.30 

126 

12.0 

B-B 

N.  dike 

»•  A 

10  -11 

1.15 

129 

9.2 

A-A 

N.  dike 

’ A 

30  -31 

1.05 

116 

17.4 

A-A 

N.  dike 

•A 

5 - 6* 

0.96 

114 

15.0 

A-A 

N.  dike 

• A 

15  -16* 

0.89 

116 

14.6 

A-A 

N.  dike 

'*•  A 

10  -li| 

0.88 

121 

12.4 

A-A 

N.  dike 

• A 

15  -16} 

0.79 

119 

14.9 

A-A 

N.  dike 

•.  : .a 

10  -11 

0.63 

109 

18.7 

A-A 

N.  dike 

U-A 

10  -11 

0.  52 

102 

22.9 

A-A 

N.  dike 

* unconfined  compressive  strength,  tons  per  sq.  ft. 
e unit  dry  weight,  lbs.  per  cu.  ft. 


w 

* water  content,  dry  wt.  basis,  percent. 
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t.  PRESENT  AND  FUTURE  SECURITY  OF  RESERVOIR 

a.  Present  Condition 

Because  of  its  construction  as  described  above, 
the  reservoir  is  dependent  for  its  present  and  future  secu- 
rity on  the  integrity  of  the  lining.  As  long  as  the  lining  re- 
mains at  least  as  watertight  as  it  is  now,  there  need  be  no 
question  as  to  the  security  of  the  embankments  and  the  res- 
ervoir as  a whole. 

If  3 break  in  the  lining  should  occur,  water  will  begin 
to  seep  into  the  ground  behind  the  lining.  Where  the  sides 
of  the  reservoir  are  in  a cut  section,  it  is  unlikely  that  this 
would  create  a hazardous  condition.  If  the  break  occurred 
at  an  embankment  section,  however,  the  embankment  would 
be  required  to  function  like  an  earth  dam  constructed  with- 
out any  outer  lining.  Despite  the  fact  that  the  embankments 
arc  constructed  of  reasonably  impervious  materialwhich  on 
the  whole  is  strong  and  well  compacted,  they  could  not  re- 
main stable  indefinitely  under  these  conditions.  The  em- 
bankment section  at  the  point  of  the  break  would  gradually 
become  saturated,  seepage  outcrop  at  thelandside  toewould 
occur  and  in  time  softening  and  sloughing  of  toe  material 
would  begin.  It  is  inconceivable  that  any  such  development 
would  go  unnoticed  for  such  a length  of  time  that  a complete 
failure  of  the  embankment  could  occur,  hence  there  is  no 
occasion  for  alarm  or  immediate,  emergency  action.  How- 
ever, this  possibility  should  be  recognised  and  given  con- 
sideration as  noted  below.  Incidentally,  it  should  be  noted 
that  the  most  vulnerable  section  of  embankment  is  not  the 
North  dike  as  has  been  assumed  by  some,  but  the  East  dike 
in  the  vicinity  of  the  South  Cate  House.  Both  embankment 
sections  are  of  about  the  same  height  but  the  base  width  of 
the  North  dike  is  considerably  greater  than  that  of  the  East 
dike  because  of  the  berm  construction  at  the  former.  The 
overall  or  average  slope  of  the  landside  face  of  the  North 
dike  is  therefore  flatter  and  the  time  required  for  satura- 
tion of  the  embankment  would  be  greater  than  at  the  East 
dike. 
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With  respect  to  the  future  security  of  the  reeervo ir, 
sole  reliance  on  observing  seepage  outcrop  at  the  landside 
-oc  of  the  embankments  is  inadvisable  for  several  reasons, 
t or  one  thing,  by  the  time  the  outcrop  was  observable,  some 
damage  to  the  embankment  might  have  occurred.  As  a case 
in  point,  it  is  just  possible  that  the  somewhat  looser  present 
> ondition  of  the  material  at  the  landside  toe  of  the  north  dike 
\vhich  was  found  in  the  recent  investigation  is  due  in  part  to 
seepage  caused  by  the  break  in  the  lining  which  occurred  in 
t '38.  Secondly,  if  and  when  seepage  outcrop  occurs  it 
w-juld  become  imperative  to  empty  the  reservoir  in  whole  or 
part  as  rapidly  as  possible.  To  do  so  would  be  to  run  the 
risk  of  causing  a major  failure  of  a large  section  of  the 
lining  due  to  the  effect  of  what  is  termed  sudden  drawdown. 

1 his  might  be  the  result  of  back  pressure  due  to  a high 
u round  water  condition  or  to  reverse  seepage  from  a cone 
of  saturation  in  the  embankment.  It  may  be  well  to  note  at  , 
t.'-is  point  the  need  for  lowering  the  reservoir  level  very  j 
gradually  in  any  future  maintenance  operations. 

b.  Possible  Provisions  for  Future 


1)  Construction  of  Improved  Type  of  Lining 

Various  alternative  methods  for  assuring 
the  security  of  the  reservoir  in  the  future  are  discussed  and 
evaluated  below.  The  first  of  these  is  to  attempt  in  one  of 
several  ways  to  provide  insurance  against  a break  in  the 
lining.  The  present  lining,  being  made  of  concrete,  is  of  a 
brittle  nature  and  is  therefore  incapable  of  deforming  or 
stretching  without  cracking.  Much  more  flexible  types  of 
membrane  material  are  now  available.  A study  to  select 
• ny  one  particular  type  has  not  been  attempted  in  the  course 
ot  this  investigation  as  it  would  be  quite  time-consuming 
is  somewhat  outside  the  scope  of  the  writer's  assign- 
*r  <Mt.  It  may  be  noted  however,  that  the  newly  constructed 
■’  ••ktvrn  Reservoir  was  provided  with  an  asphalt  lining  and 
that  there  is  some  trend  toward  use  of  such  linings  inwater 
•>  .;»ply  reservoirs.  The  cost  of  placing  an  asphalt  lining 
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o',  cr  the  present  concrete  lining  in  the  Woodland  Aeservoir 
v «ntld  be  in  the  neighborhood  of  $500,000  based  on  unit  prices 
lor  the  work  at  the  Eastern  Reservoir.  If  any  such  opera- 
lion  were  to  be  attempted,  it  would  be  highly  advisable  to 
provide  a pervious  underdrainage  course  at  the  same  time 
• o as  to  eliminate  the  present  danger  of  damage  due  to  sud- 
•len  draw  down. 


2)  Construction  of  Toe  Drainage  System 

A second  approach  to  the  problem  would 
oe  tn  some  way  to  insure  that  even  if  a break  in  the  lining 
were  to  occur,  the  embankments  would  not  be  weakened  or 
damaged.  If  this  could  be  accomplished,  the  only  conse- 
suence  of  a break  in  the  lining  would  be  wastage  of  water. 
Protection  of  earthen  embankments  against  the  effects  of 
seepage  can  be  achieved  through  construction  of  an  adequate 
•>»tem  of  toe  drains.  This  is  a standard  provision  in  all 
ut.lined  earth  dams,  large  or  small,  and  procedures  for  ac- 
complishing this  purpose  are  very  well  established.  This 
solution  to  the  problem  at  W oodland  could  probably  be  a- 
chieved  at  a cost  of  about  $100,  000  or  possibly  less. 


3) 


Piesometers  as  Seepage  Detection  System 


A third  approach  is  to  provide  in  some 
way  for  detection  of  leakage  long  before  damage  to  the  em- 
bankments can  occur.  One  method  of  doing  this  is  to  install 
devices  known  as  piesometers  at  strategic  points  in  the  em- 
bankments. These  devices  can  be  used  to  obtain  an  imme- 
diate indication  of  a rise  or  fluctuation  in  the  position  of  the 
phreatic  or  free  water  surface.  Since  such  an  installation 
:•  relatively  inexpensive  and  provides  an  immediate  benefit, 
pier onieters  ere  installed  in  all  fifteen  bore  holes  in  the 
embankments  during  the  course  of  the  present  investigation. 
Details  on  the  construction  of  these  devices  and  their  loca- 
tions in  the  embankments  are  given  in  Appendix  4.  Water 
!>epartment  personnel  have  been  instructed  in  the  use  of  the 
piesometers  and  this  syetem  is  now  in  operation.  ') 
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7 CONCLUSIONS  AND  RECOMMENDATIONS 

The  recently  completed  investigation  has  lead  the 
writer  to  conclude  that  the  reservoir  and  its  embankments 
-ire  in  good  condition.  The  possibility  of  a sudden  failure 
uf  any  section  of  the  reservoir  is  limited  to  the  chance  of 
the  occurrence  of  such  an  unlikely  and  unpredictable  event 
fc*  a major  earthquake. 

The  reservoir  is  however,  subject  to  the  possibility 
of  damage  due  to  a break  in  the  lining.  It  is  impossible  to 
predict  whether  a major  break  will  ever  occur  or  if  so, 
when.  In  the  event  of  a break,  seepage  through  the  adjacent 
embankment  section  would  occur.  Observation  of  seepage 
outcrop  would  give  warning  of  trouble  in  time  for  the  reser- 
voir to  be  emptied  and  repaired. 


In  order  to  eliminate  the  necessity  for  reliance  on  de- 
tection of  seepage  outcrop,  one  of  two  alternative  procedures 
might  be  followed.  The  first  is  to  undertake  a major  recon-  - 
■ truction  of  the  lining  using  some  form  of  flexible  membrane 
rather  than  a brittle  material  such  as  concrete.  For  an  as- 
phalt lining  such  as  the  one  recently  constructed  for  the 
Eastern  Reservoir,  the  estimated  cost  is  in  the  neighbor-  - 
hood  of  $500,  000.  The  second  alternative  is  to  protect  the" 
embankments  with  a complete  and  adequate  toe  drainage 
■ystem  so  that  seepage  could  occur  without  threat  to  the 
security  of  the  reservoir.  The  cost  of  this  type  of  protec- 
tion is  estimated  to  be  about  $100,  000. 

Both  of  these  alternates  are  relatively  expensive  es- 
pecially when  viewed  with  the  realization  that  the  chances 
of  their  being  urgently  required  are  very  remote.  One  can- 
not lose  sight  of  the  fact  that  the  reservoir  as  originally 
• onstructed  has  been  in  service  for  seventy  years  and  that 
on  the  only  known  occasion  when  trouble  due  to  a break  in 
the  lining  occurred,  the  observations  of  Water  Department 
employees  sufficed  to  prevent  any  serious  damage.  It  is 
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possible  end  seemingly  quite  advisable  however  to  facili- 
tate such  observations  by  installation  of  devices  which  will 
Kive  an  indication  of  seepage  before  it  actually  outcrops  at 
the  toe  of  the  embankments.  For  this  reason,  a number  of 
piezometers  were  installed  during  the  course  of  the  inves- 
tigation and  these  devices  are  now  in  operation. 

The  writer's  final  conclusion  is  therefore  that  with 
t Re  installation  of  the  piezometers  and  with  the  continuing 
observations  of  the  Water  Department  employees  as  a safe- 
guard, the  future  security  of  the  reservoir  is  sufficiently 
assured  to  eliminate  the  need  for  any  major  new  construc- 
tion or  repairs. 


B.  K.  HOUGH.  CONSULTING  ENGINEER 
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Woodland  Reservoir  Dam  County  Onondaoa  State  New  York  Coordinators 


VISUAL  EXAMINATION  OF  OBSERVATIONS  REMARKS  OR  RECOMMENDATIONS 
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